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IV. Experiments about the Motion of fendulums in Va- 
cuo. % the Reread MrW. Derham, F. % S. 

IHave long, defired to know, whether there- be any, or 
v/hat Difference, between the fihraiim pf Frnddums 
m Vacm.^ and the Jir. And therefore have divers times 
recommended the Experiment to many ingenious perfons, 
who had better opporroniries of trying it than L And 
at laft, having fecn Mr Hamk^ske's Experiments in hit 
Pneoniatick Engines fliewn before the .R. Society, I' ac- 
comphflid my delire, by recommending the Experiment 
to him^ who- readily undertook it. And having pro-^ 
vjded himfelt with a proper Receiver, and all otheC' 
things neceflary, he, with a Friend of mine in L^Mdm^ 
made t!ie Experiment. The Movements he tryed witb 
were an Eiglit day Clock. vibrating feco-.ids, and an Htlf^ 
feconds Movement of mine, which ! Chall fpeak more of* 
prefently. The iifne-ot. their Experiment was. My' Pen-* 
dolom Vibrated two tenths of an loch -on each fide farihei^ 
im F^iCMa, than it did in ^he Free Air, and went 7 feconds 
flower in 2O; minutes, than the other Movement. Bat in 
the open Air, my Pendulum in 10 mintites, went only 5 i 
Feconds flowerthan -the other Pendulum.:^-. 

This Experiment (although I diHrufted neither the 
Skill, or Fidehry of., tiie Experimenters ) I. was detirous to 
try over my felf. And by Mr Ham,\eske$- gmctom kind- 
mC% in lending mc one of his ^Jh- Pumps X which ! ftiall 
always gratefully acknowledge ) I was foon fnrniftied 
with proper loftruments. Whicli I fhaO give fome ac- 
count o|,. that' others may Judge how tar., the Experiment 
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may be relied on, or that it may be better tryed, if mine 

be ioond detective. 

Tlie 'firft Inftrument was an Ak^Fump oi Mr Haw{eske% 
a peribn merironooflf known to the R. Sodeiy, who I 
doubt not is the beft Maker of thole kinds of Inftruments 
311 the Worlds and his Air-Pomps exceed others in the 
Eafe ot being pumped, and in the Certainty of their Eva« 
coation ^ which may be knov7n to a grear nkcty. 

The next Inftrument was the aforefaid Small Mommem^ 
with a Pendulum of about lo inches, that vibrateth Half- 
Jeconds^ and is driven by the Power of a Spring. This 
Inftrument r thought commodious, not only for being 
eafily fitted with a Receiver, bat alfo for vibrating Halt- 
feconds very nicely, and alfo becaufe its Vibrations are 
equal, not fome large, fome lliorter. 

The laft Inftrument was a very well regulated Month- 
piece^ that Vibrateth Seconds all the Year, with as much 
exaftnefs as moft do. 

Being thus accoutered, the R.efuk of many repeated 
Experiments, day after day, was, That- (as before) in 
VacuQ the Vibrations were always larger, ^ than in the Re- 
ceiver unexhaufted. At the lirft, when my little Move- 
ment was newly cleaned ^ the Vibrations v/ere above t| 
of an Inch larger than in the free Air» But afterwards ( I 
fuppofe from fome of the fouled Oyl oi the Pump fpirtled 
on the Wheels, in letting in the Air, whereby the force 
of the Spring on the Pallets was blunted, from hence I 
fay ) as the Vibrations in the unexhaufted Receiver were 
a little contrafted, fo in the Receiver exhaufted they were 
more contrafted, and only about o, 25 of an inch larger 
ihan iii the Free Air. 

The Alteration in Time^ which this difference of the Vi« 
brations produced, was eooftantJy only about 21 feconds in 
an Hour flower, in th^ P^ecei/er exhaufted, than in it unex- 
haufted. For if in 4, 3 ur more hours going, the two 
Pendulums did not varj a quarter of a fecond in the open 
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Air, or wBen the Receiver was put ovtr the littk Move- 
ment,, (but unexhaufted; ) yet when the Receiver was ex- 
haufted, the Half-feconds Movement would lofe, at the 
rate of two leconds in every hour, in every Experiment^ in 
many hours going. 

And becaufe I was minded to fee what alterations 
would arife from varying the Vibrations, therefore by 
ODeniog; and (iiuttins the Pallets, I caufed the Vibrations 
in fome Experiments to be as large as the Receiver would 
bear ; in others, to be as (bort as poffible 5 always ad jad- 
ing the Pendulum to vibrate Half-feconds nicely in the 
Air. Bat ftiJl the fuccefs was much the fame, or the dif- 
ference fcarce perceptible. But only limagined when th^ 
Pendulum vibrated but a little way from the Perpendicu- 
lar, that the Vibrations in Vacua were not fo much en- 
larged,, as when it vibrated in a larger Arch. 

In all thefe Experiments ( which were repeated divers 
times v/ith the fame fuecefs ) I had no rcafon to move mo 
to think, but that the Vibrations were enlarged m Vacuo 
by the vaft Rarefadion of the Medinm : I had I fay nm 
reafon but this. That perhaps the different ftate of the Air 
might alter the force of the Spring, which drove the 
Movement. For the tryalofthis, I put a well adjufted 
Pocket-Watch ( with H^^^'s Regulator, L e. the common 
fmali Spiral Spring to the Ballance ) into the Vacuum. 
And after feveral trjals, at the fame pitch of the Spring, I 
found not the leaft alteration in the Watches going m 
many hours 5 neither the Springs., nor any other part of 
the Watch feeming to bs in the leaft affefted by the K2- 
€tmm : but the Ballance circumvolving, or keeping the 
fame T?jrns, as m the open Air. 

But to be Kill more fore, if poiFible ^ \t came after this 
into my thopghts, . to try what the fuccefs would be by 
putting the Half-feconds Pendulum again into the Receiver, 
and oaly pumping out a part of the Air. And accordirjrjy 
I left no more Air in, than what kept the included Mercunal 
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G^iige at about 6 inche^j l^eight; The tvont of which wa^. 
That the Vibrations were then not above ^^ loch larger on 
each fide^ than in the Receiver unexhaufted : and the'Tim^^ 
ioit, but about half a fecond in an hour, or 4 a^ tnoft. 
And fo^ according as the Mercurial Gauge was more or Jefs 
high, I always found the Vibrauons greater orkller^ ihey 
gradually decrealing, according to the quanriry oi Air re- 
'admitted' 

Having thus given an acrount of what I experimented, 
with all the Variety which I ihougbt neceilary, and with 
all the care I could, Lftiall for a Coadufion make fonic Re- 
marks, and draw fome Inferences from what hatii been Giid. 

1, What Mr Foyl long fince obferved (ironi a Cock'd 
Piftol going down as fiercely in his Vacmm^ as in the AirJ 
may be hereby farther confixmed, vi%. That the Air is 
northeCaule ot the iVlocion of ReHitution in Solid Bodies, 
ns Springs. Far if it was, it would certainlyJiave been dii- 
covered in fo tender an Inrtrurncnt as a well adjufted Pocket- 
Watch, lying under the perpetual Influence of two Springs. 

2. k^in Vdcuo (where the prelTure of the Atmofphere is 
taken off) Heavy Bodies defcend quicker than rhcy do in the 
open Air. So it Ojay be obfervccl, That Pendulums move 
fWifter in the Receiver exhaufted, than in it unexhaufted. 

That Heavy Bodies delcend quicker in Vacuo, is evident 
from the fwift Defcent ot the l.fs heavy Bodies, as Cork-, the 
Tiown ofSowt hi files,, the l^ghtejl Feather, &c which do all pre- 
cipiiantly defcend, like a Scone, in a tall exhaufted Receiver. 

And that xh^ Pendulnm, in our Experiment, moved fafter 
in Vacno^ is manifeft from its vibrating but two feconds m 
an hour flower, when the Vibrations wctQ ^ofan inch on a 
fide, enlarged by the higheft i\aretadion of the Air. Whereas 
I find by experiment.th^t near the flmie encreafeof the Vibra- 
tions, doth, in theopen Air, make the Pendulum go 6 or more 
fecondb flov^erin an hour. I fay near the fume eucreufe, be- 
caufe it is fcarce poffij^Ie to manage the Pallets fo, as nicely 
to make the fame Vibrations as were in Vacuo. 
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Thelaft thing I (hall deduce ihallbe by way of Querey viz. 
Whether the Variations of Pendulums obferved under the Equi- 
noftial, and between the Tropicks, do not arife as much or more 
from the rarity of the Medium^ and the encreafe of the Vibrations 
confequent thereupon ? It is fcarce I think to be doubted, but that 
the Air is much thinner, and finer near t^e Line, than it is with- 
out the Tropieks. And it is evident from the Baromecer, that en 
the tops of high Mountains tiie Armofphere gravitlteth lefs than 
nearer die Center, And therefore (although! like he Notion of 
the Decreafe of Gravity from tlie Encreafe of the diftiince from 
the Earth's Center ^ I fay^ although I like this too well to difc'ard 
it. yet) I am apt lo think that this is not the only reafon of die 

I If iOi therefore that Optam Haiiey^ when he obferved at St 
HeU/sa his Clocks to go Ilower than in Englan:!^ had at the fame 
obferved whechei the Vibrations were not enlarged, it might be 
therefore very \^ell worih the while for fuch as ha?e opporcunicy:, 
to take notice, WheJier their Pendulums berm^eea the Tropicks 
do not make larger Arclies than in higher Latitudes > Alfo in What 
Latitude they begin to alter > Wliether the Vibration be greater 
near the Line^ than in any other part between the Tropicks? Of 
whether the gteateft encreafe be not always in thofe places whe-e 
the Sun paffeth their Zemth ? If the Vibradons be found larger 
under the Line, or in any other part of the Torrid Zone, then it 
may be obferved^ how much larger they are, and in what propor- 
tion they encreafe, or decreafe^ by approaching nearer uotb^ or 
receding from the place of their gteateft Encreafe" > 

Alfo it may be worth obferving. Whether Pendulums do riot 
vary on t4ie tojps of high places, or in different ft ites of the Ar- 
mofphere, according as the Menury is high or Tow in the Baro- 
meter > But then in this, and indeed in the former cafes, itfis necef* 
fary, or at leaft very expedient, that the Movement be fo exa£lly 
well made, that the Power, whether Weight or Soring, do at all 
times exerc the very fame force upon the Pads or rallets. Which 
is very rarely met with. For moil Clocks are apt to vibrate fome- 
times larger, foraerimes leffer Arches in the 24 hours, according 
as the Weight or Spring doth more or lefs extrt m forces on the 
worfe 

Tiius having given the Society tile account which rficy com* 
manded me •, if I have noc anfwered their Expeclition, yet I have 
however- flie wed my Obedience to their Commands •, and given a 
Teftimony of my gr^at Veneration for that Ingeiiousaad Learned 
Body. 
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